To investigate whether red blood cell distribution width (RDW) is a marker of the risk of Henoch-Schonlein purpura (HSP) nephritis (HSPN), a total of 669 HSP patients and 168 healthy controls were included in this retrospective study. Two hundred fifty-six (38.3%) of the patients had kidney involvement. Compared with the HSP group, RDW was significantly higher in the HSPN group (P < .001). Binary logistic regression identified that HSPN was independently associated with age, RDW, platelet, and total cholesterol (odds ratio = 1.409, 1.353, 0.996, and 2.019, respectively). In addition, RDW values of HSPN patients with crescents on histopathology (classes III, IV, and V) were higher compared with those of HSPN without crescents (classes I and II) (P = .019). The receiver-operating characteristic curve analysis showed that the RDW at a cut-off point of 13.25 has 61% sensitivity and 79% specificity in predicting the presence of crescents on histopathology. It was first shown that RDW levels in HSPN are significantly higher than those in HSP without nephritis and healthy controls. RDW can be an independent predictor of HSPN and its levels greater than 13.25 were useful in the predicting the presence of crescents on histopathology.
Introduction
Henoch-Schonlein purpura (HSP) is the most frequent vasculitides in children. In general, HSP is acute and self-limited. However, HSP nephritis (HSPN) is potentially the most severe complication, and the prognosis is largely dependent on the severity of nephritis. [1, 2] It was reported that 20% to 55% of children with HSP develop nephritis and 12.8% of HSPN patients have an unfavorable outcome. [3] [4] [5] Now, HSPN is the most common secondary glomerular disease in children, [6] and has become more of a concern to pediatricians.
Red blood cell distribution width (RDW), routinely reported as a parameter of standard automated complete blood count (CBC), reflects the variability in size of the erythrocytes in the circulation. RDW is traditionally used to differentiate the types of anemia. In recent years, several studies demonstrated that RDW is associated with cardiovascular, liver, and renal diseases. [7] [8] [9] Additionally, RDW has also been known as a novel inflammatory marker in various forms of inflammatory diseases including septic shock, inflammatory bowel disease, and acute appendicitis. [10] [11] [12] More recently, Xu et al [13] showed that higher RDW is associated with coronary artery lesions in patients with Kawasaki disease, which was also known as one of the most common forms of vasculitides. However, the study of evaluating RDW in HSP and its complication, HSPN, has never been reported before. Therefore, the purpose of this study was to investigate whether RDW is increased in HSPN patients, whether RDW is a marker of the risk of HSPN, and to evaluate its possible association with disease severity.
Patients and methods
We reviewed the medical records of patients who hospitalized for HSP in the Zhejiang University of Children's Hospital between June 2012 and May 2015. Patients who had been diagnosed with HSP according to the European League Against Rheumatism criteria. [14] Nephritis was defined as the presence of any hematuria and/or proteinuria. Hematuria was defined as more than 5 red blood cells per high-power field in urine sediment. Proteinuria was defined as a 24-hour urine collection containing more than 150 mg of proteins and was considered nephrotic when ≥50 mg/kg/day. The patients were excluded if they were with other systemic vasculitis, thrombocytopenic purura, systemic lupus erythematosis, juvenile dermatomyositis, diabetes, and skin, or kidney biopsy findings not compatible with HSP. This study was approved by the medical ethics committee of the Children's Hospital of Zhejiang University School of Medicine, and informed consent was obtained from parents.
Demographic data, renal biopsy findings, signs and symptoms of disease, and following laboratory data at the time of diagnosis were recorded from the computerized hospital database: erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), hemoglobin (HGB), mean cell volume (MCV), RDW, white blood cell (WBC) counts, neutrophil counts, platelet counts, mean platelet volume (MPV), serum creatinine, total cholesterol, and proteinuria. Estimated glomerular filtration rate (GFR) was calculated with the Schwartz formula. [15] Hematologic parameters of healthy children were reviewed from the same computerized database.
A renal biopsy was performed in 140 of the patients with HSP nephritis, of which 3 patients classified as grade I, 45 patients as grade II, 87 patients as grade III, 4 patients as grade IV, and 1 patient as grade V; there was no patient with grade VI. The biopsy findings were graded according to the International Study of Kidney Disease in Children classification [16] : grade I, minimal glomerular abnormalities; grade II, mesangial proliferation (MP) without crescents; grade III, MP with <50% crescents; grade IV, MP with 50% to 75% crescents; grade V, MP with >75% crescents; grade VI, membranoproliferativelike lesions.
RDW are included in routine CBC testing, which is calculated by the automated analyzer by dividing the standard deviation (SD) of erythrocyte volume by the mean MCV and then multiplying the result by 100. [17] CBC testing were measured using the Mindray BC-5380 automated hematology analyzer (Shenzhen Mindray Bio-Medical Electronics Co., Ltd, Shenzhen, China), which was subject to daily quality control. The normal range for RDW in our laboratory is 11.5% to 14.5%.
Statistical analysis
All analyses were performed with the statistical software SPSS version17.0 (SPSS Inc., Chicago, IL). Normality of continuous data was determined by the Kolmogorov-Smirnov normality test. Continuous variables are presented as mean ± SD or median (interquartile range) and categorical variables as numbers (percentage). The significance of the mean differences between groups was assessed by independent sample t test. The Mann--Whitney U test was used to test abnormally distributed variables. Categorical variables were evaluated using the x 2 test. Binary logistic regression was used to identify independent predictors of the presence of HSPN. Relationships between variables were tested using Pearson's correlation analysis. A receiver-operating characteristic (ROC) curve was used to determine a cut-off value with the highest sensibility and specificity for predicting HSPN. All P values given were 2-sided and a P value <.05 was regarded as significant.
Results
A total of 669 patients with HSP and 168 healthy controls were included in this retrospective study. Demographic and clinical characteristics of patients and controls are presented in Table 1 . No age and sex difference were observed between HSP patients and control group (P > .05, for all). Compared with healthy controls, a significant decrease in HGB (P < .001) and increase in WBC counts, neutrophil counts, platelet counts, and RDW (P < .001, for all) was found in children with HSP.
Demographic and clinical variables between patients with and without nephritis are shown in Table 2 . All HSP patients demonstrated skin lesions. Among 669 patients with HSP, 256 had nephritis (38.3%). The mean onset age of the HSPN group was 8.9 ± 2.7 years and 6.8 ± 2.6 years for patients without nephritis. The mean onset age of HSPN patients was significantly higher than that of patients without nephritis (P <.001). There was no difference in frequency of arthritis or gastrointestinal complication between patients with and without nephritis (P >.05, for all). In addition, no significant differences between 2 groups in sex, WBC counts, neutrophil counts, ESR, and eGFR were found. Whereas, children with HSPN had significantly higher HGB, MCV, MPV, RDW, serum creatinine, and total cholesterol levels and lower platelet counts and CRP compared with patients without nephritis.
Multivariate logistic regression analysis showed that age (OR: 1.409, P < .001), RDW (OR: 1.353, P = .005), total cholesterol (OR: 2.019, P < .001), and platelet count (OR: 0.996, P = .001) were all independently associated with HSPN (Table 3) .
Although RDW was higher in patients with nephrotic range proteinuria (>50 mg/kg/day) than in HSPN with non-nephrotic proteinuria (<50 mg/kg/day) (13.63 ± 1.17 and 13.38 ± 1.07, respectively), no statistically significant difference in RDW between the subgroups was observed according to the severity of proteinuria (P = .109) (Fig. 1B) . Whereas, we divided patients Data were presented as mean ± SD. HGB = hemoglobin, HSP = Henoch-Schönlein purpura, MCV = mean cell volume, MPV = mean platelet volume, PLT = platelet, RDW = red blood cell distribution width, SD = standard deviation, WBC = white blood cell. Table 2 Clinical characteristics in patients with and without nephritis.
HSP with nephritis P value
No (n = 413) Yes (n = 256)
Age at disease onset, years 6.8 ± 2.6 8. Data were presented as numbers (percentage), mean ± SD or median (interquartile range). CRP = C-reactive protein, eGFR = estimated glomerular filtration rate, ESR = erythrocyte sedimentation rate, HGB = hemoglobin, HSP = Henoch-Schönlein purpura, MCV = mean cell volume, MPV = mean platelet volume, PLT = platelet, RDW = red blood cell distribution width, SD = standard deviation, WBC = white blood cell.
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who had underwent renal needle biopsies (n = 140) into 2 groups according to the presence of crescents, a significant difference in terms of RDW between those without crescents (classes I and II) and those with crescents on histopathology (classes III to V) was found (P = .019) (Fig. 1A) . When assessing the presence of crescents on histopathology with RDW in the patients, a cut-off value of 13.25 with a sensitivity 61% and a specificity 79% was observed according to ROC curve analysis (Fig. 2) . The area under the curve was 0.749 (95% confidence intervals 0.684 to 0.814, P < .001).
There were inverse correlations between RDW and HGB, MCV, and ESR (P < .001, for all), whereas positive correlations between RDW and WBC, neutrophil, total cholesterol, and proteinuria (P < .001, for all) were observed (Table 4 ).
Discussion
To our knowledge, this retrospective study is the first to analyze RDW in HSP patients. We found that RDW values were increased significantly in patients with HSP compared to healthy controls. RDW values, meanwhile, were higher in patients with nephritis than in those without nephritis, and RDW value was independently associated with the presence of nephritis in HSP patients. The ROC curve indicated that the cut-off value of 13.25 of RDW can be valuable for predicting the presence of crescents on histopathology. In addition, in line with the previous study, [18] our study also demonstrated that older age at onset was one of the significant risk factors of renal involvement of HSP.
RDW reflects the heterogeneity in circulating erythrocytes size. The higher RDW values indicate greater variability and show that there is the presence of increased red cell destruction or ineffective red cell production. Recently, increased RDW has been recognized as an important unfavorable prognostic determinant in sepsis or septic shock, stroke, and heart failure. [10, 19, 20] Factors that alter the erythrocyte homeostasis such as systemic inflammation, malnutrition, and impaired renal function might play a significant role in the underlying pathological processes. [20] Inflammation state and oxidative stress have been regarded as the important determinants of RDW. [21] Several studies have been published regarding the relationship between RDW and inflammatory disease. RDW can be used as a novel potential parameter to evaluate disease activity in inflammatory bowel disease, Behçet disease, and systemic lupus erythematosus, [11, 22, 23] and RDW was correlated with inflammatory parameters such as CRP, ESR, tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6). [23] [24] [25] Oxidative stress, which might be effective in damaging erythrocyte membrane, perturbing normal energy metabolism in erythrocytes, and reducing erythrocyte life span, [26] was also reported to be associated with RDW. [21, 24] Increased oxidative stress may also play important roles in the pathogenesis of HSP vasculitis. [27, 28] In the present Recently, several studies assessed renal functions or renal damages with RDW in various diseases. [29] [30] [31] Li et al [29] reported that there is a positive correlation between RDW and albumin-tocreatinine ratio in hypertensive patients. Zhang et al [30] reported that RDW was an independent risk factor of microalbuminuria in patients with newly diagnosed type 2 diabetes mellitus. Ujszaszi et al [31] indicated that lower eGFR is significantly associated with higher RDW in kidney transplant recipients. However, there is no study related to renal involvement in HSP patients with RDW. The results of the present study indicate that RDW is higher in patients with nephritis than in those without. Multivariate logistic regression analysis showed that increased RDW was independently associated with HSPN. Higher total cholesterol, older age at onset, and lower platelet count were other independent predictors of HSPN. In addition, RDW was significantly positively correlated with total cholesterol and proteinuria. Similarly, a study on heart failure found that there is a strong relationship of RDW with total cholesterol. [20] However, as compared to our results, Solak et al [32] did not observe any association between RDW and total cholesterol in patients with chronic kidney disease.
Furthermore, although mean RDW levels were not different between the groups according to the severity of proteinuria, it is clear that higher RDW values may be a useful index in the assessment of patients with the presence of crescents on histopathology.
This study has some limitations that need to be considered. First, it is a retrospective cross-sectional study and we did not observe the dynamic changes of the RDW level. Second, the relation between the RDW levels and the prognosis of HSPN was not assessed. Third, the relationships between RDW and oxidative stress and other more sensitive inflammatory markers such as IL-6 and TNF-a were not evaluated.
In conclusion, we have demonstrated that RDW levels in HSPN are significantly higher than those in HSP without nephritis and healthy controls. Additionally, our study confirms that RDW can be an independent predictor of HSPN and levels greater than 13.25 were useful in prediction of the presence of crescents on histopathology. However, further studies are needed to explore the exact role of RDW in this association. Table 4 The relationship between RDW and other parameters in all enrolled patients.
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